Humans have been using Cannabis and its extracts for a few thousand years as a medicinal and recreational drug. However, the chemical component in Cannabis sativa, Δ^9^-tetrahydrocannabinol (Δ^9^-THC), an exogenous cannabinoid, remained unknown until it was isolated and identified as the main psychoactive ingredient (Gaoni and Mechoulam, 1964). Discovery of the cannabinoid Δ^9^-THC was a milestone in the field of cannabinoids, since this led to the unveiling of a new biological regulation system in our body, *i.e*., the endocannabinoid (eCB) system. The composition of the eCB system has been depicted by researchers in the cannabinoid field over the past three decades ([**Figure 1**](#F1){ref-type="fig"}), which consists of endogenous cannabinoids (eCBs), G-protein-coupled cannabinoid receptors (CB1R and CB2R), the enzymes synthesizing and metabolizing eCBs, and transporters or carriers for eCBs (Di Marzo et al., 2015; Xu and Chen, 2015).

![Homeostatic regulation of brain functions by the endocannabinoid (eCB) system in health and disease.\
N-arachidonoyl ethanolamide (AEA) is synthesized by the enzyme N-acylphosphatidylethanolamine (NAPE)-specific phospholipase D (PLD) and inactivated by the enzyme fatty acid amide hydrolase (FAAH). 2-Arachidonoylglycerol (2-AG) is largely synthesized by the enzymes diacylglycerol lipase α (DAGLα) and DAGLβ and inactivated primarily by monoacylglycerol lipase (MAGL) and other enzymes, including α, β hydrolase 6 and 12 (ABHD6/12) and cyclooxygenase 2 (COX-2). Cannabinoid receptors (CB1R) is expressed in presynaptic terminals and astroglial cells. CB2R is primarily expressed in astroglial cells in the brain. The eCB system contributes to normal physiological and neuropathological processes by homeostatic regulation of brain function.](NRR-10-691-g001){#F1}

CB1R is widely expressed in neurons and astrocytes in the brain, while CB2R is present primarily in the immune system and microglial cells, the resident immune cells of the brain. There are some reports regarding neuronal expression of CB2R in the brain, but the expression is not as abundant as that of CB1R (Kano et al., 2009). The distribution of CB1R and CB2R in the brain determines their functional roles in cellular and molecular events and behaviors. Although several endogenous cannabinoids have been identified, N-arachidonoyl ethanolamide (AEA or anandamide) and 2-arachidonoylglycerol (2-AG) are the two most-studied eCBs (Kano et al., 2009; Di Marzo et al., 2015). AEA was the first identified eCB, which is synthesized from N-arachidonoyl phosphatidylethanolamine (NAPE) by NAPE-specific phospholipase D (NAPE-PLD) and metabolized by fatty acid amide hydrolase (FAAH) to arachidonic acid (AA), precursor of prostaglandins. 2-AG was the second identified eCB, which is produced largely from diacylglycerol (DAG) by diacylglycerol lipase α and β (DAGLα/β) and primarily hydrolyzed by monoacylglycerol lipase (MAGL) to AA. 2-AG is also degraded by the enzymes α, β hydrolase 6 and 12 (ABHD6/12) and oxidized by cyclooxygenase 2 (COX-2). At present, the identities of eCB transporters or carriers are still controversial. 2-AG is the most abundant eCB and a full agonist for CB1R and CB2R, while AEA is a partial agonist for CB1R and CB2R and an agonist for the vanilloid receptor or transient receptor potential cation channel subfamily V member 1 (TRPV1), which is important for sensation of temperature and pain.

The abundance of CB1R expressed in the brain is similar to that of glutamate receptors. Notably, CB1R expressed in neurons preferentially resides on the presynaptic ends both at inhibitory GABAergic and excitatory glutamatergic synapses. This suggests that the primary role of the eCB system in regulation of brain function is through mediating or modulating synaptic transmission and plasticity (Kano et al., 2009; Castillo et al., 2012). While AEA may mediate synaptic transmission and other functions *via* CB1R/2 and TRPV1, accumulated information shows that 2-AG is a principal eCB signaling molecule in regulation of synaptic efficacy by acting on presynaptically expressed CB1R. The presence of MAGL and DAGLα/β at pre- and post-synaptic sites and the alterations in synaptic transmission and plasticity produced by pharmacological or genetic inhibition of DAGLα/β or MAGL provide strong evidence that 2-AG is a retrograde signaling molecule synthesized postsynaptically and inactivated presynaptically (Kano et al., 2009; Castillo et al., 2012). The release of GABA or glutamate is inhibited at GABAergic or glutamatergic synapses as a result of presynaptic CB1R activation by 2-AG signaling. This may underlie short- (depolarization-induced suppression of inhibition, DSI; and depolarization-induced suppression of excitation, DSE) and long-term synaptic plasticity (inhibitory long-term depression, iLTD, and excitatory LTD, eLTD), implying that eCB signaling plays an important role in preventing excess synaptic activities, thereby retaining integrity and efficacy of synapses. This is particularly important in neurological diseases. However, eCB signaling also contributes to potentiation of glutamatergic synaptic transmission through the suppression of GABAergic synaptic release (Castillo et al., 2012; Xu and Chen, 2015), suggesting that while eCB signaling preferentially mediates inhibitory effects on both GABAergic and glutamatergic synaptic transmissions, it is also important for facilitating glutamatergic synaptic transmission by concurrent depression of inhibitory synaptic activity (Xu and Chen, 2015).

As illustrated in [**Figure 1**](#F1){ref-type="fig"}, the eCB system homeostatically regulates brain functions in health and disease. Several lines of evidence indicate that eCB signaling is required in a variety of physiological functions from appetite, pain, ageing, learning and memory to depression and anxiety (Kano et al., 2009; Mechoulam and Parker, 2013; Maccarrone et al., 2014; Di Marzo et al., 2015). For example, rimonabant (also known as SR141716), a CB1R receptor antagonist, was used for treatment of obesity by reducing appetite, although it was withdrawn from the market due to potentially undesirable psychological side effects. eCB signaling is also important for cognitive function. It has been demonstrated that working memory and extinction of aversive memory are impaired in animals administered with CB1R antagonists or agonists and in CB1R knockout mice (Mechoulam and Parker, 2013). Interestingly, elevation of endogenous 2-AG levels by MAGL inhibition enhances long-term potentiation (LTP) and promotes learning and memory (Chen et al., 2012; Xu and Chen, 2015). It has been reported that neurogenesis is reduced in mice deficient in DAGLα or β, and in CB1R or CB2 (Gao et al., 2010; Mechoulam and Parker, 2013). This suggests that neurogenes regulated by 2-AG signaling may contribute to synaptic plasticity and cognitive function (Xu and Chen, 2015). The involvement of 2-AG in synaptic plasticity is also supported from the study where high-frequency stimulation that induces LTP at hippocampal Schaffer collateral synapses elevates levels of 2-AG (Stella et al., 1997). In addition, a recent study provides evidence that eCB signaling may contribute to longevity in *C. elegans* (Folick et al., 2015). Therefore, the eCB system plays crucial roles in regulation of biological processes by maintaining homeostasis of brain functions. In particular, it responds differentially to pathogenic events or harmful assaults. For instance, the levels of 2-AG are significantly raised in the brain following traumatic brain injury (Panikashvili et al., 2001), while excitotoxic kainic acid exposure increases the levels of AEA, but not 2-AG (Marsicano et al., 2003). Additionally, the release of 2-AG, but not AEA, is elevated in response to brain β-amyloid (Aβ) infusion (van der Stelt et al., 2006). Perturbation of the eCB system may also lead to development of anxiety and depression as well as other psychological disorders (Mechoulam and Parker 2013). Because of its widespread presence and functional roles in the brain, the eCB system displays profound anti-neuroinflammatory and neuroprotective properties. Neuropathological changes are alleviated by strengthening eCB signaling in several models of neurological diseases, including Alzheimer\'s disease, traumatic brain injury, brain ischemia, seizures, Parkinson\'s disease, and multiple sclerosis, which are closely associated with inflammation (Nomura et al., 2011; Chen et al., 2012; Mechoulam and Parker 2013; Di Marzo et al., 2015; Xu and Chen, 2015). Thus, manipulations of eCB signaling may provide novel pharmacotherapies for these intractable brain diseases.

Although the research in the past three decades has significantly advanced our understanding of the roles of the eCB system in physiological, pharmacological, and pathological processes, there are still a lot of unknowns about how these processes are regulated by eCB signaling at cellular, molecular, and genetic or epigenetic levels. It has been described that the formation and release of eCBs are 'on demand' in response to various events or stimuli. However, the precise mechanisms of how the release of eCBs occurs 'on demand' are still not clear. Previous studies show that the majority of physiological and pathological processes regulated by the eCB system are CB1R- or CB2R-dependent. Emerging evidence, however, suggests that many of these processes regulated by eCB signaling are through CB1R- or CB2R-independent mechanisms, especially in counteracting of neuropathological events (Xu and Chen, 2015). The existence of a few orphan receptors such as G protein-coupled receptor 55 (GPR55) for eCBs indicates additional signaling pathways, including peroxisome proliferator-activated receptors (PPARs), in mediating biological functions of the eCB system. The complexity and diversity of the eCB system thus suggest that a broader spectrum of brain functions is homeostatically regulated by eCB signaling.
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